Objective : Indocyanine green (ICG) videoangiography (VA) is being used in assessment of blood flow during cerebrovascular surgery. However, data collected during ICG angiography are usually interpreted qualitatively. In this study, quantitative analysis of ICG angiogram was attempted.
INTRODUCTION
Since the first report on intraoperative assessment of vascular flow using indocyanine green (ICG) video angiography (VA) by Raabe et al., 15) a number of articles describing its use in various fields of vascular surgery have been reported. However, most reported articles described qualitative analysis, and only a few articles have described quantitative analysis. [1] [2] 14) Most of the studies reporting on quantitative analysis used specialized hardware or proprietary software, so that application of the described techniques to one's own study is not easy. This study was conducted in order to perform quantitative analysis of ICG VA using standard hardware and easily-available software and to evaluate its clinical application. The graphs were reviewed and factors for achieve- 
MATERIALS AND METHODS
A B C D E F
RESULTS

Demographics
A total of 16 cases with ICG VA were analyzed.
There were five cases of anterior communicating artery aneurysms and 11 cases of middle cerebral artery aneurysms (Table 1 ). There were seven males and nine females. The patients' ages were 54.5 ± 11.7 years (mean ± standard deviation, range 32 to 71).
Parameters for Analysis
In order to set up the best conditions for analysis, a graph was made with serial captures of 0.1, 0.2, and 0.4 second intervals. Routine evaluation found no definite differences in waves. However, using the magnified view, some loss of detail was observed in 0.4 second interval waves, compared to that of 0.1 and 0.2 second intervals ( Fig. 1) . Therefore, serial capture for analysis was performed using 0.2 second intervals.
The analysis was performed using a desktop personal computer without any delay in image process- Evaluation of the quality of data by superimposing image stacks was helpful. This process was performed using the z-project function of ImageJ. The averaged image showed no blurring when the video had been recorded without panning or zooming of the operative field and the graph showed good quality appropriate for analysis, whereas data with blurring of averaged image showed poor quality of graph (Fig. 2) .
Evaluation of time profile
The time profile of each graph was assessed. Time to peak and washout time were measured from each graph (Fig. 3) .
A summary of the measured time profile is shown in was observed between proximal and distal vessels in valid cases (Fig. 4) . There was no significant signal intensity of aneurysm dome in our series.
The time to peak was 9.0 ± 5.4 (mean ± standard deviation), and washout time was 31.3 ± 14.3 seconds. No significant difference in time profile was observed between anterior communicating artery aneurysms and middle cerebral artery bifurcation aneurysms ( Table 2) . Although ImageJ is capable of handling video file directly, its performance is often limited by various codec's used in video files. We think that it is more comfortable to use image stacks (set of serially captured images) rather than using the video file as it is. There might be a limitation to the number of images captures in some software; therefore, it would be better to perform serial capture using the longest interval possible. Increased number of serially captured images might also require more system resources. We found that a capture interval of 0.2 seconds per frame is sufficient for preservation of details in waves (Fig. 1 ).
The hardware specifications used for analysis in our One of the requirements for better analysis is the static field, which means no motion or change of magnification of the operative field during ICG-VA recording (Fig. 2) . All of the data depicted as 'uncheckable' in Table 1 This means that there is no definite difference in hemodynamics between cerebral arteries, although this finding might need to be verified with a larger series.
Our data showed large variation in time to peak and washout time. Among the 16 cases in our series, there were six cases with poor quality data. Therefore, the actual number of cases used for analysis of time profile was approximately two thirds of the total cases.
We think that the high variation might be a reflection of a small number of cases and due in part to the suboptimal quality of data. 
